Abstract Densities, q, viscosities, g, and ultrasonic sound velocities u of pure methyl isobutylketone, diethylketone, cyclopentanone, cyclohexanone, 2-methyl cyclohexanone and those of their binary mixtures with N-methyl aniline were measured at 303.15 K over the entire composition range. These experimental data have been used to calculate the excess volume (V E ), deviation in ultrasonic sound velocity (Du), isentropic compressibility
Excess thermodynamic functions, which depend on the composition, temperature and pressure of the system, are of great importance to a chemical engineer in the design of industrial separation process and to a chemist for arriving at theories of liquid mixtures. Accurate knowledge of thermodynamic properties of organic liquid mixtures has relevance in understanding the molecular interactions between the components of the mixture.
The primary objective is to measure the speeds of sound and densities of liquid systems in order to estimate the value of isentropic compressibility, which in turn is widely used to study the molecular interactions through its excess value. The experimental data in the present investigation, namely density, ultrasonic sound velocity and viscosity, were used to compute the thermodynamic functions such as excess molar volume (V E ), deviations in ultrasonic speed (Du), isentropic compressibility (j s ), excess isentropic compressibility (j E S ), intermolecular free length (L f ), excess intermolecular free length (L E f ), acoustic impedance (Z), deviation in viscosity (Dg) and excess Gibbs energy of activation of viscous flow (G *E ). In principle, the interactions between component molecules can be derived from a study of deviations from the ideal behavior of properties like molar volume, compressibility and viscosity. The sign of deviation of an excess property may be negative or positive from the ideal value depending on the type and extent of interactions between unlike molecules. In the present study, the density, ultrasonic sound velocity and viscosity of pure N-methyl aniline (N-MA), methyl isobutylketone (MIBK), diethylketone (DEK), cyclohexanone (CH), 2-methylcyclohexanone and their mixtures were measured at 303.15 K over the entire composition range. By using this experimental data, various thermodynamic functions were calculated. Further, the experimental viscosity data were used to test the capability of semiempirical relations of Grunberg and Nissan [2] , Katti and Chaudhri [3] and Hind et al. [4] . The present work was under taken to study the effect of sign and magnitude of excess volume, excess isentropic compressibility and deviation in viscosity when N-methyl aniline is mixed with various aliphatic ketones. The organic liquids used in the present study are important due to their industrial applications. N-methyl aniline is used as an intermediate of manufactured dyes, agrochemicals and in preparation of some organic compounds. Ketones are used as solvents, polymer precursors and in the preparation of many pharmaceuticals.
We reported in our earlier communications [5, 6] excess volumes, sound velocities and viscosities for the binary mixtures of N-ethyl aniline and N,N-dimethyl aniline with aromatic ketones. A survey of literature has shown that thermodynamic properties of amines with 2-propanone, 2-butanone and 2-pentanone were reported [7] [8] [9] . As far we are aware no experimental excess molar volume, ultrasonic sound velocity and viscosity data of for the present systems under investigation have been reported in the literature, Hence, the present work was undertaken to study the effect of position of the carbonyl group in a ketone molecule and chain length of ketonic molecules.
Experimental
All the chemicals used in the present work were of Analytical Reagent (AR) grade (S.D. Fine Chemicals Ltd., India) purified as described in the literature [10] . The pure samples were attained by fractional distillation and the purity of chemicals were checked by comparing the measured densities, ultrasonic sound velocity viscosity and heat capacities, which are in good agreement with literature values [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and these results are given in Table 1 . The purities of the samples were further confirmed by GLC, which showed single sharp peaks. Before use, the chemicals were stored over 0.4 nm molecular sieves for about 72 h to remove water and were later degassed. The binary mixtures of N-methyl aniline with methylisobutylketone, diethylketone, cyclopentanone (CP), cyclohexanone and 2-methylcyclohexanone were prepared in glass bottles with air tight stoppers and adequate precautions were taken to minimize losses through evaporation. The weighing of solutions was done using an Acculab ALC-210.4 digital electronic balance with an uncertainty of ±0.0001 g. The uncertainty in solution composition, expressed in mole fraction, was found to be less than 5 9 10 -4 . After mixing the sample, the bubble-free homogeneous sample was transferred into the U-tube of the densimeter using a syringe. The density measurements were performed with a Rudolph Research Analytical digital densimeter (DDH-2911 Model), equipped with a built-in solid-state thermostat and a resident program, at the temperature 303.15 ± 0.03 K. Typically, density precisions are ±0.00005 gÁcm -3 . Proper calibration at each temperature was achieved with doubly distilled, deionized water and with air as standards. A multi frequency ultrasonic interferometer (M-82 Model, Mittal Enterprise, New Delhi, India), operated at 2 MHz, was used to measure the ultrasonic velocities in the binary liquid mixtures at the constant temperature 303.15 K controlled by a digital constant temperature water bath. The uncertainty in the measurement of ultrasonic sound velocity is ±0.2 %. The temperature stability is maintained within ±0.02 K by circulating thermostated water around the cell with a circulating pump. In order to minimize the uncertainty of the measurement, several maxima are allowed to pass and their number, 50 in the present study, is counted. All maxima are recorded with the highest swing of the needle on the micrometer scale. The total distance d (cm) moved by the reflector is given by d = nk/2, where k is the wave length. The frequency, m, of the crystal being accurately known (2.0 MHz), the speed of sound, u in mÁs is calculated by using the relation u = mk. The working of the interferometer was tested by making measurements for pure samples of benzene, toluene, chloroform, chlorobenzene, and acetone and the measured sound velocities of these liquids were in good agreement with those reported in the literature [20] . The viscosities of the pure liquids and their binary mixtures were measured by using a modified Ubbelohde capillary type viscometer [21] . The viscometer was calibrated with pure water and the liquid was allowed to stand for about 30 min in a thermostatic water bath so that thermal fluctuations in the viscometer were minimized. The accuracy in viscosity data is ±0.005 mÁPaÁs
Theory and Calculations
The experimental values of density q, viscosity g and ultrasonic velocity u, of pure liquids and their mixtures as function of mole fraction of N-methyl aniline at 303.15 K are given in Table 2 . The derived parameters such as j s , L f , and Z were calculated using the following relations
In the above equations, q is the density and u is the ultrasonic speed of the solutions. K is a temperature dependent constant [22] . The deviations in excess functions from ideality provide a relatively better tool to assess the strength of interaction between the component molecules of the binary mixtures. V 5.939
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In the above equations, M i , g i , u i and q i represent the molecular weight, isentropic compressibility, viscosity, ultrasonic velocity and density of component i and q m , j S , g, and u the corresponding values of the mixture. The excess isentropic compressibilities (j E S ) [23] for the binary mixtures were calculated using the relations:
where j id S was calculated from the relation:
where / i is the ideal state volume fraction and is defined by the relation:
The variation of V E , j E S , Dg and Du with mole fraction were fitted to the Redlich-Kister equation [24] of the type:
where
The values of a 0 , a 1 and a 2 are the coefficients of the polynomial equation and were obtained by the method of least-squares and are given in Table 3 along with standard deviation values at 303.15 K. The standard deviations are calculated by using the equation:
where n is the total number of experimental points and m is the number of coefficients.The excess Gibbs energy of activation of viscous flow (G *E ) is obtained by the equation:
where V i and V are the molar volumes of the component i and molar volume of the mixture respectively; R and T have their usual meanings. Grunberg and Nissan [2] proposed the following equation for the measurement of viscosity of liquid mixtures:
where d is a parameter proportional to the interchange energy, which reflects the nonideality of the system. Katti and Chaudhri [3] proposed the following equation:
where W vis /RT is an interaction term. Hind et al. [4] suggested an equation for the viscosity of binary liquid mixtures as:
where H 12 is the Hind interaction parameter.
Results and Discussion
Ultrasound waves are high frequency mechanical waves. Their velocities in a medium depend inversely on the density and compressibility of the medium. The variation of ultrasonic velocity in a mixture depends upon the increase or decrease of intermolecular [25, 26] . The sign and magnitude of Du play important roles in describing molecular rearrangements among the component molecules in the mixtures which reflect intermolecular interactions between the molecules. A perusal of data in Table 2 shows that the values of Du are positive for N-MA ? DEK, N-MA ? MIBK, and N-MA ? CP, whereas those for the mixtures of N-MA ? CH and N-MA ? Me-CH are negative over the entire composition ranges at 303. 15 K.
An examination of data in Table 2 shows that the excess isentropic compressibility (j E S ) and excess intermolecular free length (L E f ) are negative in all of the binary systems over the entire range of composition. According to Sri Devi et al. [27] , negative excess values are due to closely packed molecules which accounts for the existence of strong molecular interactions, whereas positive excess values reflect weak interactions between unlike molecules. The sign of the excess isentropic compressibility (j E S ) and excess intermolecular free length (L E f ) are useful in assessing the compaction due to molecular interactions in liquid mixtures through: hydrogen-bonding, charge transfer, dipole-dipole and dipole-induced dipole interactions, interstitial accommodation and orientational ordering [28] , which lead to a more compact structure, leading to negative values of the excess isentropic compressibility and excess intermolecular free length. Hence negative values of the excess isentropic compressibility (j E S ) and excess intermolecular free length (L E f ) in the present systems suggests that strong molecular interactions are present between unlike molecules in the liquid mixtures.
The j E S values for the systems containing methyl isobutyl ketone, diethyl ketone and alicyclic ketones fall in the orders: methyl isobutyl ketone [ diethyl ketone and cyclopentanone [ 2-methylcyclohexanone [ cyclohexanone.
The order of alicyclic ketones is cyclopentanone [ 2-methylcyclohexanone [ cyclohexanone which suggests that an increase in cyclic structure hinders the interaction. The higher values for 2-methylcyclohexanone solutions compared to cyclohexanone may be due to the presence of the methyl group which increases the negative charge on the oxygen atom of the carbonyl group [16] . Hence, the above order may be justified, suggesting that dipole-dipole interactions between unlike molecules are prevailing [29] .
A careful study of data in the Table 2 unlike molecules, formation of H-bonds, and interstitial accommodation of the smaller molecules into voids created by the larger molecules due to the difference in molar volumes. The first factor contributes to expansion and the latter factors lead to a decrease in volume. The experimental results in the present investigation suggest that the factors responsible for contraction in volume are dominant over the entire composition range in the mixtures N-methyl aniline with methyl isobutyl ketone, diethyl ketone and cyclopentanone. Furthermore, the observed negative values show that there exists dipole-dipole interactions between unlike molecules and also the formation of hydrogen bonds between the oxygen atom of the carbonyl group of the ketones and the hydrogen atom of the amino group of N-methyl aniline. Further, N-methyl aniline acts as a proton acceptor and forms strong hydrogen bonds with aliphatic ketones. This hypothesis is substantiated by the considerable contraction in volume that is observed in the mixtures of N-methyl aniline with aliphatic ketones. The more negative V E values for the system methyl isobutyl ketone may be ascribed to the presence of the methyl group on the third carbon in the methyl isobutyl ketone molecule, which increases the negative charge on the oxygen atom of the carbonyl group. The negative V E values for the system that contains cyclopentanone may be attributed to the small ring structured cyclopentanone molecules being easily accommodated interstitially in the void space of N-methyl aniline. The shape and size of the ketones and their cosolvent are not similar. So, on mixing of the solvents, non-specific physical interactions and unfavorable interactions between unlike component molecules come into play thereby increasing the volume of binary solvent mixtures.
The positive V E values for the systems that contain cyclohexanone may be attributed to the ring structured CH molecules rupturing the hydrogen bonding in N-methyl aniline. combined effect of factors such as molecular size, shape and intermolecular forces [30] . In general for the systems where dispersion and dipolar interactions are operating, Dg values are found to be negative [31] [32] [33] , whereas charge transfer, hydrogen bonding interactions and other chemical forces lead to the formation of complex species between unlike component molecules that result in positive values of Dg. The actual values depend upon the dominant factor [34] . An examination of data in the Table 4 shows that the values of Dg for the systems N-MA ? MIBK, N-MA ? DEK and N-MA ? CH are positive whereas for the mixtures of N-MA ? CP and N-MA ? Me-CH they are negative over the entire composition ranges at 303.15 K.
The Dg values for the systems containing methyl isobutyl ketone, diethyl ketone and alicyclic ketones fall in the order: methyl isobutyl ketone \ diethyl ketone and cyclopentanone \ methylcyclohexanone \ cyclohexanone (Fig. 8) .
According to Reed and Taylor [35] positive deviations in G *E may be due to specific interactions like hydrogen bonding and charge transfer, whereas the negative deviations may be ascribed to dispersion forces within the systems. An examination of data in the Table 3 
Conclusions
In this paper, the densities, viscosities and speed of sound at 303.15 K have been measured over the entire range of composition of N-methyl aniline with ketones. From these measured physico-chemical data, excess molar volumes, deviation in viscosities, deviation in ultrasonic sound velocities and excess isentropic compressibility have been calculated. These data were correlated by a Redlich-Kister type polynomial equation to derive the coefficients and standard deviation. The results are interpreted in terms of molecular interactions between the component molecules.
